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(54) Image forming apparatus adjusting concentration of gray with improved reference and test 
patterns 



(57) An image forming apparatus lessens the sense 
of incongruity between CMY mixture gray and K mono- 
chrome gray so as to achieve an easy color adjustment. 
An adjustment sheet is printed by the image fomiing ap- 
paratus. The adjustment sheet has a reference pattern 
(D) and a plurality of test patterns (F). The reference 
pattern (D) indicates a reference concentration of gray 
and the test patterns (F) indicates concentrations of gray 
within a predetermined concentration range including 



the reference concentration. The gray of the test pat- 
terns (F) is a mixture of cyan, magenta, yellow and 
black. The gray of the reference pattern (D) is mono- 
chromatic black. The test patterns (F) are visually com- 
pared with the reference pattem (D) so as to select one 
of the test patterns (F) of which concentration matches 
the concentration of the reference pattern (D). The con- 
centration of gray is adjusted in accordance with the 
concentration of the selected one of test patterns (F). 
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Description 

BACKGROUND OF THE INVEtMTION 

1 . Field of the Invention 

[0001] The present Invention generally relates to Im- 
age fcrming apparatuses ar.d, mere particularly, to an 
image forming apparatus, such as a copying machine, 
a printer or a facsimile, which creates an adjustment 
sheet used for concentration adjustment (y-correction) 
of reference colors which constitute a color printing out- 
put image. 

2. Description of the Related Art 

[0002] In an Image fomnlng apparatus, such as a color 
printer, a color concentration of printing may shift from 
a reference value due to change with passage of time, 
and, thus, it is required to make a color correction. Con- 
ventional image forming apparatuses adopt various 
color correction methods. 

[0003] For example, there is a method of determining 
an amount of correction of concentration by comparing 
a color sample sheet enclosed in a package of a printer 
with a print of a test pattern, which is stored in the printer. 
Moreover, there is a method of correcting a concentra- 
tion cun/e by reading concentration of a figure printed 
on a print paper by a scanner or a concentration meas- 
urement apparatus and calculating a difference be- 
tween a color of the drawn figure and an actual color. 
Furthermore, there is a method of correcting a concen- 
tration curve by selecting a concentration , which is equal 
to a reference concentration printed on a previously pre- 
pared template, the selection being made by printing all 
selectable concentrations on a print paper by a printer 
of which concentration cun/e is to be corrected. 
[0004] A concentration value of print data sent from a 
host apparatus to an image forming apparatuses such 
as a printer is normally specified by one of numerical 
values of 0 to 255 expressed by 8 bits per one color. A 
process called y-conversion is performed so that the 
concentration in a printing result matches a desired con- 
centration with respect to each concentration value. The 
Y-converslon is a process that obtains, when a concen- 
tration is expressed by 8 bits, output values 0-256 with 
respect to Input valiies 0-255 using a conve.'^ion table 

[0005] In a graph having horlzcnta! and vsrtica! axes 
of the same scale, if an input value is assigned to the 
horizontal axis and an output vsiuc Is assigned to the 
veriicai axis, xhe input vaiue Decomcs equal to tne out- 
put value ana me y-conversion process is unnecessary 
when the Input-and-output characteristic of a printer en- 
gine is expressed by a straight line having an Inclination 
of 45 degrees. However, the input-and-output charac- 
teristic of a printer engine does not have linearity, and 
the Y-conversion process is Indispensable so as to ob- 
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tain a proper image by the printer. 
[0006] Moreover, even If printer engines are of the 
same model, generally the input-and-output character- 
istic varies according to individual differences. The in- 

5 put-and-output characteristic varies also with passage 
of time and further the environment where the printer is 
placed. Therefore, it is necessary to rewrite the contents 
of the conversion table in accordance with a change in 
the input-and-output characteristic. 

10 [0007] if the contents of --/-con version table are ex- 
pressed by a graph in which an input value and an output 
value are assigned to the horizontal axis and the vertical 
axiS; respectively, the 7-conversion table is indicated as 
a curve. For this reason, the process to rewrite the con- 

'5 tents of Y-conversion table may be referred to as a "gam- 
ma curve correction". Moreover, the contents of T^con- 
version table after correction may be referred to as "cor- 
rected 7" or "corrected T^curve". 

[0008] FIG. 1 is an Illustration showing a structure of 

20 a conventional printer system. The printer system 
shown in FIG. 1 comprises a host computer 1 and a 
printer engine 2. A printer controller 3 is provided in the 
printer engine 2. The data to be printed is specified by 
the host computer 1 . The printer controller 3 creates im- 

25 age data according to instructions of the host computer 
1 so as to perfonm a printing operation. After being de- 
veloped on the frame memory according to the specified 
concentration, the image data to be printed is sent to the 
printer engine 2, and the printing operation is completed. 

30 [0009] As shown In FIG. 2. the printer engine 2 com- 
prises a central processing unit (CPU) 31 , a random ac- 
cess memory (RAM) 32, a program read only memory 
(ROM) 33, a font ROM 34, a host interface (l/F) 35 and 
an engine l/F 36, and these parts are mutually connect- 

35 ed through a bus. The CPU 31 controls the entire printer 
controller 3 based on programs stored in the program 
ROM 33, mode instructions from a panel apparatus and 
commands from the host computer 1 . As mentioned 
above, a control program of the printer controller 3 is 

40 stored in the program ROM 33, and pattern data of a 
font etc. is stored in the font ROM 34. 
[0010] The RAM 32 functions as a work memory of 
the CPU 31 , and is used as an input buffer of input data, 
a page buffer of print data, a memory for download fonts, 

^5 etc. The engine l/F 36 perfomris communication with the 
printer engine 2 so as to exchange commands ana sta- 
tus at id data. The host !.'F 35 Is an l.nteiface which. 

vvith the hcct ccr^i^utcr 1 end ic L'S'jciIh/ 
Qgrifr-Qj-tiQc i/p Qr RS232C \/^. Tho printer engine 2 may 

50 be connected with the host computer 1 through net- 
works such as ether Net or Lcca! Talk. 
10011) Here, a concentration or an image pnnteo oy 
the pnnterenqme may ditter from a concentration which 
the printer controilBf liUencis to piint due to a charige In 

55 the surrounding environment or a change with passage 
of time. In such as case, in the printer controller provided 
with a reading apparatus such as a scanner, the printed 
paper output from the printer engine is read by the scan- 
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ner. Then, the concentration value (output result), which 
IS the result of reading, is compared with the concentra- 
tion value (expected output value) which the printer con- 
troller intends to print. If there is a difference, the con- 
centration value used for drawing is corrected (the 
above-mentioned ycorrection) so as to absorb the dif- 
ference. Then, a printed matter can be obtained which 
the printer controller intends to, that is, which the host 
computer intends to. 

[0012] In an image forming apparatus which is not 
provided with a reading apparatus such as a scanner, 
the same effect can be obtained by inpuiiing the input 
data to the printer controller 3 by determining, as shown 
in FIG. 3, whether the printed result output from the print- 
er engine 2 has a higher concentration or a lower con- 
centration by a visual check of a human 4 without using 
a reading apparatus such as a scanner. In this case, 
since it Is difficult to detemiine the concentration by hu- 
man eyes unlike reading apparatuses such as a scan- 
ner, a sheet referred to as an adjustment sheet 5 is used 
so as to help the visual check so that the determination 
can easily made even by the human eyes. 
[0013] In the adjustment sheet 5, when an adjustment 
is perfonned with respect a particular concentration , ref- 
erence concentration patterns (B of FIG. 4) used as a 
reference and test concentration patterns (A of FIG. 4) 
which indicates concentrations near the particular con- 
centration including the particular concentration are ar- 
ranged in an alternative sequence. By comparing the 
concentration patterns and selecting a number at which 
the concentration of the test concentration oattern 
matches the concentration of the reference concentra- 
tion pattem, the y-correction value is obtained based on 
the concentration value (output result) indicated by the 
number attached to the selected test concentration pat- 
tern and the concentration values (expected output val- 
ue) which the controller intends to represent. Thus, a 
desired concentration can be obtained by reflecting the 
thus-obtained 7-correction in the printing process. It 
should be noted that an example of such a process is 
disclosed in Japanese Patent Application No. 
11-314395 filed by the present inventor. As for the ref- 
erence concentration pattern, a pattern, which is hardly 
Influenced by a change with passage of time or an indi- 
vidual difference, is used. For example, what is neces- 
sary to make 50% of concentration of the highest con- 
ccnlraiicn of the printer engine 9. is Jur>i to unn a check - 

I ^ _ -.1 r"! /-* f- I I _ . — • - 

constituting the pattern corresponds to a single pixel 
(dot) of the printer engine 2, 50% concentration cannot 
be made siably since ihe concentraiion is influenced by 
the output characteristic of the pnntcr engine 2. There- 
fore, the pattern, which is not influenced by the output 
characteristic, can be made by using the checkered pat- 
tern (FIG. 6) in which a constituting point consists of sev- 
eral dots. By performing the above-mentioned process, 
an adjustment of output characteristic, that is, an adjust- 
ment of concentration can be achieved even by a printer 



4 

controller having no image reading apparatus. 
[001 4] In a case of a color printer, a concentration ad- 
justment must be performed on colors other than black 
(hereafter may be refen-ed to as "K"), such as cyan (may 

5 be refen^ed to as X"), magenta (may be referred to as 
"M") and yellow (may be referred to as ' Y"). With respect 
to magenta and black, the concentration adjustment 
method using the above mentioned adjustment sheet 
shown in FIG. 4 is performed for each individual color. 

10 With respect to cyan and yellow, a color mixture gray 
patch (refer to a section E of FIG. 7), which consists of 
cyan, magenta and yelioiv. is output by printing, and 
comparison is made with the black background (refer to 
a section D of FIG. 7) which represents the reference 

15 concentration. Accordingly, the concentration adjust- 
ment is perfomned on all four colors. However, in many 
cases, color tone appears in the gray (GMY mixture 
gray) created by blending C, IVl and Y, which gives a user 
a delicately different impression when comparing with a 

20 monochrome gray representing the reference concen- 
tration. Therefore, it is difficult to select a patch having 
the same concentration with the reference concentra- 
tion, and variation may be made by each person who 
performs the test. 

25 [0015] On the other hand, the printer controller has 
drawing modes such as resolution or character/photo- 
graph, and if the mode is different, the concentration of 
output from the printer engine may also differ. For ex- 
ample, a phenomenon either dark or light happens in 

30 the result of output according to a resolution of 600 dpi 
and the result of outout according to a resolution of 1 200 
dpi. Moreover, there is a case in which a plurality of print- 
er engines are assigned to a printer controller. In such 
a case, it is natural that the result of output differs. Fur- 

35 ther, also in the same printer engine, the result of output 
changes according to an amount of toner used or a serv- 
ice time of consumable parts. Furthermore, in the case 
of a color printer, the concentration characteristics differ 
also among composition reference colors (cyan, ma- 

40 genta, yellow, black, etc.). The amounts of C, M and Y 
blended vary due to the difference in output, and it is 
considered that a CMYK gray patch does not serve as 
a reference. 



[0016] It is p gcncrf^J object of the prcr^ent invention 

X\} «j<OViue r*«» ItitrtCe fOMTiinCj r?ppni'«twS im vVmiCm tho 

abovG-mcnticncd problems arc c!im mated. 
50 [001 7] A more specific object of the present invention 
is to provide an image forming apparatus which lessens 
the sense of incongmity between CMY mixture gray and 
K monochrome gray so as to achieve an easy color ad- 
justment. 

55 [0018] In order to achieve the above-mentioned ob- 
jects, there is provided according to one aspect of the 
present invention an image forming apparatus compris- 
ing: concentration pattern data producing means for 
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producing reference concentration pattern data and ad- 
justment concentration pattern data, the reference con- 
centration pattern data representing a predetermined 
reference concentration and the adjustment concentra- 
tion pattern data representing a plurality of concentra- 
tions within a predetermined concentration range in- 
cluding the predetemnined reference concentration; 
printing means for printing an adjustmsnt sheet based 
on the reference pattern data and the adjustment con- 
centration pattern data so that a reference pattern and 
a plurality of test patterns are printed on the adjustment 
sheet, the reference pattern indicating the predeter- 
mined reference concentration and the test patterns in- 
dicating the concentrations indicated by the adjustment 
concentration pattern data; and concentration adjusting 
means for adjusting concentration data of image data to 
be printed In accordance with an adjustment concentra- 
tion value detected by comparing a concentration of the 
reference pattern with concentrations of the test pat- 
terns printed on the adjustment sheet, wherein the con- 
centration pattern data producing means produces the 
reference concentration pattern data and the adjust- 
ment concentration pattern data so that one of a color 
of the reference pattern and a color of the test patterns 
is added to the other of the color of the test pattern and 
the color of the test patterns. 

[0019] In one embodiment of the present invention, 
the color of the reference pattern may be gray consisting 
of monochromatic black, and the color of the test pat- 
terns may be gray consisting of a mixture of cyan, ma- 
genta and yellow, and wherein the concentration pattern 
data producing means produces the reference concen- 
tration pattern data and the adjustment concentration 
pattern data so as to add the color of the reference pat- 
tern to the color of the test patterns so that the printing 
means prints the reference pattern in gray consisting of 
monochromatic black and prints the test patterns in gray 
which is a mixture of cyan, magenta yellow and black. 
[0020] In another embodiment of the present inven- 
tion, the color of the reference pattern may be gray con- 
sisting of monochromatic black, and the color of the test 
pattems may be gray consisting of a mixture of cyan, 
magenta and yellow, and wherein the concentration pat- 
tern data producing means produces the reference con- 
centration pattern data and the adjustment concentra- 
tion pattern data so as to add the color of the test pat- 
tcrni; ic the color of the reference patterns so that the 
DnritinG iTiCunG Dnrits the reference psttern jn crsy cori- 
cisting cf mcncchrcmatic black and a mixture of cyan, 
magenta and yellow, and prints the test pattems in gray 
oonbitotirtg Oi cyan, magentu and yellow. 
[0021] Additionally, thero is provided according to an- 
other aspect of the present Invention a method of ad- 
justing a conceniralion or gray in a color image printed 
by an image forming apparatus, comprising the steps 
of: preparing a reference pattern and a plurality of test 
concentration pattems by the image forming apparatus, 
the reference pattern indicating a reference concentra- 
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tion of gray and the test patterns indicating concentra- 
tions of gray within a predetemiined concentration 
range including the reference concentration, the gray of 
the test patterns being a mixture of cyan, magenta, yel- 
5 low and black, the gray of the reference pattern being 
monochromatic black; visually comparing the test pat- 
terns with the reference pattem so as to select one of 
the test patterns of which concentration matches the 
concentration of the reference pattern; and adjusting the 

10 concentration of gray in accordance with the concentra- 
tion of the selected one of test panerns. 
[0022] Further, there is provided according to another 
aspect of the present invention a method of adjusting a 
concentration of gray in a color image printed by an im- 

15 age fomning apparatus, comprising the steps of: prepar- 
ing a reference pattern and a plurality of test concentra- 
tion patterns by the Image fonning apparatus, the refer- 
ence pattern indicating a reference concentration of 
gray and the test patterns indicating concentrations of 

20 gray within a predetermined concentration range includ- 
ing the reference concentration, the gray of the test pat- 
terns being a mixture of cyan, magenta and yellow, the 
gray of the reference pattern being a mixture of cyan, 
magenta, yellow and black; visually comparing the test 

25 patterns with the reference pattern so as to select one 
of the test patterns of which concentration matches the 
concentration of the reference pattern; and adjusting the 
concentration of gray in accordance with the concentra- 
tion of the selected one of test patterns. 

30 [0023] Additionally, there is provided according to one 
aspect of the present invention a processor readable 
medium which stores a program forcausing a computer 
to carry out the above-mentioned methods. 
[0024] Other objects, features and advantages of the 

35 present Invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0025] 

FIG. 1 is an illustration showing a structure of a con- 
ventional print system; 
45 FIG. 2 Is a block diagram of a printer controller 

shown in FIG 1: 

FIG 3 in an iili;r,tralion for explaining a procedure 
cf conceritratiori acijuStiriC cperoiiOi* by c* ciot^r. 
FIG. 4 is an illustratlcn of a concentration adjust- 
so ment sheet; 

FiG. 5 is an iiiuslralion showing a pallern when a 
concentration is 50%; 

FIG. 6 is an illustration of a checkered pattern when 
a concentration is 50%; 
55 FIG. 7 Is an illustration of an adjustment sheet hav- 
ing gray adjustment patches; 
FIG. 8 is an illustration of an adjustment sheet ac- 
cording to a first embodiment of the present inven- 
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tion; 

FIGS. 9A and 9B are illustrations showing exam- 
ples of percentage (area ratio) of an adjustnnent 
concentration gray patch and a reference concen- 
tration gray patch. 

FIG. 10 is an illustration of an adjustnrisnt sheet ac- 
cording to a second embodiment of the present In- 
vention; 

FIG 11 is an illustration showing an area ratio of a 
K gray patch to which CMY mixture gray is added; 
FIG 12 Is a graph showing an example of an input- 
and-output charactenstic of a printer engine; 
FIG. 13 Is a graph showing an input-and-output 
characteristic after aging; 

FIG. 1 4 is a graph showing a desirable output char- 
acteristic (target y) of a printer engine; 
FIG. 15 Is a graph showing a corrected 7-curve; 
FIG. 1 6 Is a graph showing a corrected 7-curve after 
aging; 

FIG. 1 7A is a graph showing a part of the y-curve in 
a low concentration range; FIG. 17B is a graph 
showing a part of the y-curve In a high concentration 
range; 

FIG. 1 8A is a graph showing a shift of a reading val- 
ue corresponding to a connection point 1 ; FIG. 1 SB 
is a graph showing a shift of a reading value corre- 
sponding to a connection point 2; 
FIG. 19A is a graph showing the corrected point 1 
connected by straight lines; FIG. 19B is a graph 
showing the corrected point 2 connected by straight 
lines, 

FIG. 20 is a graph showing a corrected y-curve pro- 
duced by interpolation; 

FIG. 21 is a graph showing a dither characteristic 
of a photograph mode and a character mode; 
FIGS. 22A-22E are illustrations showing a change 
in a concentration of CMY to be added to a K gray 
patch according to various changes in operating 
conditions; and 

FIGS. 23A-23E are illustration showing examples 
of contents of data stored in a nonvolatile memory. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] A description will now be given of a first em- 
bodiment of the present invention. 
[0027] Babiually, a piiiilei vvhich carnes cut tnc 
present invention has the same composition as the 
printer shown in FIG. 1 . and a reference is made to the 

^•^V.-w.^ , -_ 

having the color mixture gray patch, which consists ot 
cyan, magenta and yellow, is created by the printer of 
FIG. 1 so as to carry out a concentration adjustment of 
reference colors that constitute a color printing output 
image. FIG. 2 shows a basic procedure for carrying out 
the above-mentioned adjustment sheet method. Ac- 
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cording to the procedure shown in FIG. 2, (1 ) the printing 
output of the adjustment sheet is carried out under a pre- 
determined printing condition. (2) A user compares vis- 
ually the reference concentration patterns printed on the 
5 adjustment sheet with the concentration patterns for ad- 
justment printed according to a plurality of concentra- 
tions within a predetermined range Including the refer- 
ence concentration. Thereafter, the user specifies the 
concentration pattern for adjustment judged to be the 
10 sama concentration as the reference concentration pat- 
tern (that is, the concentration value when being drawn 
under the condition of actual use is calculated as a rel- 
ative value with respect to the reference concentration), 
and gets the number attached to the specified concen- 
ts tratlon pattern for adjustment. (3) The user inputs the 
concentration value (result of output) to the printer as a 
setting value for concentration adjustment, the concen- 
tration value being indicated by the number attached to 
the concentration patterns for adjustment obtained in 
20 the above-mentioned process (2). (4) The printer ob- 
tains the adjustment value of y-correction from the 
number (concentration value when being drawn under 
the condition actually used) set up by the above-men- 
tioned process (3) and the concentration value (expect- 
25 ed output value) which the controller intends to print, and 
performs a y-calcuiation to reflect the result of correction 
at the time of drawing. 

[0028] The adjustment sheet created by above-men- 
tioned process (1) is explained below in detail. FIG. 8 is 
30 an illustration showing the adjustment sheet according 

with respect to a concentration to be adjusted, a com- 
parison is made between the gray patch (a section D of 
FIG. 8) of a reference concentration and a plurality of 

55 gray patches (sections F of FIG. 8), which are selected 
from a predetermined concentration range including the 
reference concentration and are drawn under the con- 
dition of actual use. The gray patch of the section D cor- 
responds to a reference pattem, and the gray patches 

40 F correspond to test patterns. In order to make the com- 
parison easy, in the example shown in FIG. 8, the sec- 
tion D is made to be a background and the sections F 
are made to be a plurality of square areas arranged on 
the background. That is, each of the areas correspond- 

45 ing to the sections F to be compared is arranged so that 
each secUon F is suiroundecj by the backgrcundoCCiicn 
D. 

[0023] i-;crc, in iha preseiri e-'rOjo-Jirr.er.t, gr^y 
patch D of the reference concentration consists of mon- 

so ochrome black (K). In addition, the concentration pattem 
Mc^rNH OQ, n rf^fprenoe is made to be a pattern v/hich is not 
i.nfi'jonced hy ch^nnp with pf»ssage of time, individual 
variation of ihe printer eiiyine ui output conditions. Hcf 
erence is made to the above-mentioned expfs.nstion for 

55 a method of producing such a pattern. Although the gray 
patches F of M-K which are the CMYK mixture gray 
patches arranged in a matrix consist of a constant M-K, 
color concentration of Y increases rightward along the 
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row and color concentration of C increases downward 
along the column, A number is given to each of the plu- 
rality of gray patches F for concentration adjustment. 
[0030] A user operates the printer to output the ad- 
justment sheet shown in FIG. 8, and selects a number 
given to one of the CMYK mixture gray patches F which 
appears to be the same concentration as the gray patch 
D of the reference concentration (in the example of il- 
lustration, the patch with a number 3/3 indicates the 
same concentration). Then, the user sets an adjustment 
value in the printer by inputting the selected number in 
the printer so as to reflect the adjustment value in the 
correction. 

[0031] FIGS. 9 A and 9B are illustrations showing ex- 
amples of percentage (area ratio) of an adjustment con- 
centration gray patch and a reference concentration 
gray patch. FIG. 9A shows the adjustment concentration 
gray patch E of CMY mixture shown In FIG. 7. FIG. 9B 
shows the percentage (area ratio) of the adjustment 
concentration gray patch F of CMYK mixture, and the 
standard concentration gray patch D of K monochrome 
by the present embodiment. If a case Is take for an ex- 
ample where a concentration of black to be adjusted is 
26%, in the printing of the adjustment sheet shown in 
FIG. 7, K concentration (concentration of the section D 
of FIG. 7) of a reference concentration gray patch is 
25%, and CMY concentrations (concentrations of the 
sections E of FIG. 7) of the adjustment concentration 
gray patch of CMY mixture are 25%. If the percentage 
of each color is represented by an area ratio, the ratio 
boCcmzs th£it shcvjT! ""'G. 9'^ 'r'*^3 2c*'L!S^^^S'^t s^set 
is printed with the square adjustment concentration gray 
patches E of CMY mixture being printed on the gray 
patch D of the reference concentration which was print- 
ed according to the area ratio by changing the constitu- 
tion ratio of C and Y as shown in FIG. 7. A user obtains 
a desired constitution ratio of C and Y by selecting one 
of the adjustment concentration gray patches E of CYM 
mixture which matches the K gray of the reference con- 
centration which is the background. However, in the ad- 
justment sheet shown in FIG. 7, a color tone appears in 
the CMY mixture adjustment concentration gray patch- 
es E, and such a gray patch is difficult to be fit in the 
background having a reference concentration of a single 
gray. Therefore, It Is difficult to select the patch having 
the same conceiitratiOn, vvhich causcc variation ct cc- 
iecjiion by Hdoii inUiviuual user carrying cut the test. 
[C532j \i\ 'he p:esei:t e-olDrnirrrier*. thf: coJor rcrjc ct 
the CMYK gray patches F is made less recognizable by 
adding K to the CMY mixture adjustment concentration 
gray patches so as to raise the overall concentration. 
Thereby the CMYK gray patches F accordinq to the 
ptBseni enibuuiinerit fits in tno K gray patch D of the 
reference concentration of the backg.i'ound, and the 
judgment becomes easy when judging whether the 
CMYK gray patch F has the same concentration with 
the K gray patch D. As shown in FIG. 9B which shows 
one example of the percentage (area ratio) of the CMY 



mixture adjustment concentration gray patches F ac- 
cording to the present embodiment and the K gray patch 
D of the reference concentration, K is further added to 
the CMY mixture gray patches so as to produce the 

5 CMYK mixture gray patches R Comparing with the ex- 
ample of FIG. 9A. although the example shown in FIG. 
9B has a concentration higher than that corresponding 
to the added K, the concentration value can be adjusted 
by adjusting the constitution ratio. In addition, as shown 

10 in FIG. 9B, the concentration of the background K gray 
patch D must be raised so as to achieve an area ratio 
corresponding to the same concentration so that the 
concentration of the K gray patch D matches the overall 
concentration of the CMKY mixture gray patch F after 

15 adding K. Moreover, when adding K to CMY, the con- 
centration of K to be added cannot be uniquely deter- 
mined since It Is supposed that the concentration of K 
to be added differs from concentration of a color tone 
appearing in the CMY gray, the concentration to be ad- 

20 justed or a color distribution of toner ink. However, it is 
possible to find out experimentally the concentration of 
K by which a color tone is less recognizable by deter- 
mining a target at the time of design. According to the 
result of experiments, with a certain printer engine, the 

25 CMYK mixture gray patches F having less color tone 
were able to be produced by adding 10% K to a 25% 
patch (CMY 25% each). 

[0033] In the above-mentioned embodiment, when 
performing a concentration adjustment of CMY, the ad- 

30 justment sheet according to the pattern shown in FIG. 
4 Is used with resoect to M. and C and Y are adjusted 
using the adjustment sheet according to the pattern 
shown in FIG. 8 in which the percentage (area ratio) of 
M is fixed . Although it is preferable to use the adjustment 

35 sheet according to the pattern shown in FIG. 4 with re- 
spect to M considering the conspicuousness when car- 
rying out a visual judgment, C or M may be selected in- 
stead of M. When drawing the pattern shown in FIG. 4 
by C, the concentration of M and Y are adjusted by using 

40 the pattern shown in FIG. 8. Moreover, when drawing 
the pattern shown in FIG. 4 by Y, the concentration of C 
and M are adjusted by using the pattern shown in FIG. 8. 
[0034] According to the adjustment sheet using the 
above-mentioned CMYK gray patches F, the adjustment 

45 values of CMY of the 4-color concentration adjustment 
csn be accuf^tefy calculated. Moreover, although the 
calcuialtJ'J a'Jjiistnienf vpiuc in set in a prinior an as to 
DO rcfiecied iti d j'-C0"ecT'UM vvI".Om f* pririting cperatic.n 
is actuaiiy perfoiined, the y - ccrrccticn ic the came as 

so that of a single color. 

[0035] It should be noted that the deiuils of '^coiTec- 
tion calculation are disclosed in Japanese Patent Appli- 
cation No. 11-3143P'S 

[0036] A description will now be given of a second ern- 
55 bodlment of the present invention. FIG. 1 0 is an illustra- 
tion of an adjustment sheet according to the second em- 
bodiment of the present invention. 
[0037] In the above-mentioned first embodiment. K is 
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added to the CMY gray patch so as to make the color 
tone of the CMY gray patches less recognizable. On the 
other hand, according to the present embodiment, CMY 
mixture gray is added to the K gray patch (a section G 
of FIG. 10) so as to add a color tone so that the color 
tone of the CMY mixture gray patches E is less recog- 
nizable. In this case, the gray patch of the section G cor- 
responds to a test pattern and the gray patches of the 
sections E correspond to test patterns. 
[0038] FIG. 11 is an illustration showing an area ratio 
of the thus-produced K gray patch to which CMY mixture 
gray is added. Since it is supposed that the concentra- 
tion value of CMY to be added varies depending on a 
magnitude of color tone appearing in the CMY mixture 
gray, the concentration to be adjusted (for example, 
25%) or a color distribution of toner ink, the concentra- 
tion of CMY which lessen a color tone is found experi- 
mentally by detennining a target when designing. More- 
over, the concentration of CMY to be added may be 
changed within a range detennlned experimentally 
when an adjustment is carried out. If a user can be set 
the concentration of CMY through an operation panel, 
the user can select an appropriate concentration at 
which the user can carry out the determination easily. 
Moreover, if the concentration of CMY to be added Is 
not subjected to a gray adjustment, a gap is also gen- 
erated between the adjustment values of CMY to be ad- 
justed. This problem can be avoided by adding CMY of 
which concentration is adjusted by a conventional meth- 
od. 

calculation. The y-correction based on the actually de- 
tennlned concentration is the same as that applied to a 
monochrome image. Therefore, a concentration correc- 
tion can be applied by performing a 7-correction calcu- 
lation as follows. 

[0040] FIG. 12 is a graph showing an example of an 
Input-and-output characteristic of a printer engine. It can 
be appreciated from the graph of FIG. 2, that a concen- 
tration achieved by the printer engine becomes lower in 
a low concentration range, and a concentration 
achieved by the printer engine in a high concentration 
range becomes higher. Moreover, as shown in FIG. 13, 
due to aging of the printer engine, a gain is further re- 
duced in the low concentration range, and a gain In the 
hiyiier conct^nueiiioii ranye Is fiirtncr «ncrCciGCd. 
[0041] FiG 14 i6 d Uiaph StiOwViMy a desiratJJc output 
chcirciCitJtiiiic (Lriiyt^i y) of t"B pr?r»!^Tr ^7M{;;^;^^ A Owrr^xj • 
tion Is made so as to match the input-and-output cnar- 
acterlstic shov/n in FIG. 1 2 to the characteristic shown 
in FIG 14. FIG. 15 is a qraoh showing a corrected y- 
ri'rve obt^inpd by tho abovo-mcntioncd correction. 
When ihe prinlei ij iput-cmu-Output Cnaractorioiic chang 
G3 as shown In FIG. 13 duo to a change with passage 
of time, a Y-correction is applied so as to obtain a printer 
input-and-output characteristic shown in FIG. 16. In the 
input-and-output characteristic of the printer shown in 
FIG. 16, a degree of change is relatively large in a low 



concentration range since a gain of a target is originally 
low as shown In FIG. 12. On the other hand. In a middle 
and high concentration range, a degree of change is not 
so large as that of the low concentration range, 

5 [0042] Accordingly, in the present embodiment, the y- 
correction is made by separately for a low concentration 
range A and a high concentration range B as shown in 
FIG. 16. Such a separation can be made at a point C 
near an inflection point of the y-curve. FIG. 17A is a 

10 graph showing a part of the 7-curve in the low concen- 
tration range A, and FIG. 1 7B is a graph showing a part 
of the 7-cuTve in the high concentration range B. A cor- 
rection point 1 is derived from the part of the 7-curve 
between the point C and lowest concentration point 

15 which is zero, as shown in FIG. ISA. Additionally, a cor- 
rection point 2 is derived from the part of the 7<;urve 
between the point C and the highest concentration point 
which Is 255, as shown in FIG. 188. As mentioned 
above, the point C can be obtained as a point near an 

20 inflection point of the quadratic curve, which represents 
the input-and-output characteristic of the printer engine. 
[0043] In the present embodiment, concentration at 
each of these correction points 1 and 2 is beforehand 
memorized as a color sample test pattern. Then color 

25 correction test data is created and output based on the 
color sample test pattern. An operation of obtaining a 
corrected concentration value can be carried out by 
reading the output color correction data by a scanner or 
a visual check by a user. 

30 [0044] FIGS. 1 8A and 1 8B show shifts of reading val- 
L'C£ cc**''9£'?o'^d'"c to t^e cc^nect'on ooints 1 and 2 that 
is, offsets of concentration values at the present time 
with respect to the correction values are shown. It can 
be appreciated that each reading value is shifted from 

35 the corresponding correction value as Indicated by ar- 
rows in the figure. A user inputs the correction value for 
each of the correction points 1 and 2. Then, a controller 
calculates connected y^curve shown in FIGS. 19A and 
1 98 from the correction values for the correction points 

40 1 and 2. The corrected y-cun/es shown in FIGS. 19A 
and 198 are obtained by connecting each correction 
point by straight lines. The graph of FIG. 20 Is obtained 
by combining the graphs of FIGS. 19A and 198, and 
interpolating the combined cun/es by a curve such as a 

45 Beziercurve or a spline curve. It can be appreciated that 
the ccrrcctcd 7 cup/o shovi'n In FIG "^6 approximates 

LltS^ WWI • «...Wtww« jf WW w. .«.>.•. - - — . 

a sufficient correction can be made by de living Uvo cor- 
50 rection points, one Is for a low concentration range and 
the other for a middle and high concentration range. 
That is, a sufficient correction can be carried out by se- 
lecting correction points in rsspcctiv^ p^'p^^^ oooorclino 
to the feature of the input-and-output charactenstic of 
55 the printer. 

[0046] In a case of a color printer, it is preferable to 
provide the corrected y-curve for each color component 
since the characteristic of the printer engine differs de- 
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pending on each color component. The corrected y- 
curve can be obtained by setting correction points In the 
same manner as mentioned above. Moreover, since 
gradation process (dithering) differs for drawing modes 
like a character and a photograph as well as a color 
mode, the engine characteristics after being subjected 
to a gradation process differ from each other as shown 
in FiG. 21 . Simiiarly, in this case, the above-mentioned 
method is applicable by increasing the number of cor- 
rection points. Furthemriore, the corrected -y^curve can 
be obtained for each color mode (CIViYK) and drawing 
mode (character/photograph), for example 4x2=8 cor- 
rected 7-curves can be obtained. 
[0047] As mentioned above, the image forming meth- 
od according to the present embodiment comprises the 
steps of: producing a plurality of concentration ranges 
by equidividing a range between the highest concentra- 
tion and the lowest concentration in a color printing, and 
producing a concentration pattern consisting of a refer- 
ence concentration; printing the concentration pattern 
on the same print paper; and correcting the input-and- 
output characteristic of the image fomning apparatus 
based on a corrected concentration value. 
[0048] A program for carrying out the above-men- 
tioned process steps can be stored in a recording me- 
dium such as a floppy disk (FD) or a CD-ROM. The re- 
cording medium may be attached to the host computer 
1 shown in FIG. 1 , and the program may be read by the 
host computer 1 so that the above-mentioned process 
steps can be carried out by the host computer 1 control- 
ling the orinter controller 3 through the host l/R 
[0049] Here, as shown in FIG. 22A-22E. the concen- 
tration of CMY to be added to the K gray patch may be 
changed according to various changes in operating con- 
ditions such as a resolution, a type of printer engine, a 
consumable parts counter value, an amount of remain- 
ing toner or each transfer color component. The data 
regarding the concentration of CMY to be added is 
stored in a nonvolatile memory, such as the program 
ROM, a hard disk drive (HDD) or a non-volatile RAM 
(NVRAM), provided in the printer controller 3. FIGS, 
23A-23E shows an example of the contents of the data 
stored in the nonvolatile memory. Then, the concentra- 
tion value of CMY to be added is read from the memory 
in accordance with the selected operating conditions so 
«s To produce the K or(\\j patch containing CMY of an 
BpproprlBte CQncentrHtlon. 

[CiGoGj i n Ihe pointer yvhic'"* cd*i sB*BGt d p'u* ti'«iy o* * t?s- 
oiutions, when changing the CiViY concentration value 
to be added for each resolution, a user designates a res- 
olution to be used through an operation panel. Accord- 
ing to the designation, the printer controller 3 acquires, 
for pyprnpte» from thB t«blo shown in FIG J>3A the CMY 
concentration value to be added, in the example shown 
in FIG. 23A, when the designated resolution is 1 200 dpi, 
CMY concentration is set to 10%, and when the desig- 
nated resolution is 600 dpi, CMY concentration is set to 
14%. 
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[0051] When a plurality of printer engines are con- 
nected to the printer controller 3. the printer controller 3 
detemnines the CMY concentration value to be used 
from the table shown In FIG. 23B based on the printer 

5 engine 2 specified at the time of start of a printing oper- 
ation. In the example shown in FIG. 23B, when using 
the printer engine A, CMY concentration is set to 1 0%, 
and when using the printer engine B. CMY concentra- 
tion is set to 7%. 

10 [0052] A consumable parts counter may be provided 
in the printer engine 2 so as to count a service time of 
consumable parts provided in the printer engine 2. 
When changing a CMY concentration value based on a 
count value of the consumable parts counter value, data 

15 of the count value of the consumable parts counter 
stored in the printer controller 3 or the printer engine 2 
is read, and a CMY concentration value Is determined 
from the table of FIG. 23C according to the read value. 
In the example shown In FIG. 238, when the consuma- 

20 ble parts counter value is smaller than 1 000, CMY con- 
centratton is set to 1 0%; when the consumable parts 
counter value is equal to or greater than 1 000 and small- 
er than 2000, CMY concentration is set to 14%; when 
the consumable parts counter value is equal to or great- 

25 erthan 2000 and smaller than 3000, CMY concentration 
is set to 1 0%; when the consumable parts counter value 
is equal to or greater than 3000 and smaller than 4000, 
CMY concentration is set to 7%. 

[0053] The printer engine 2 may be provided with a 
30 detector for detecting an amount of remaining toner. 
When changing a CMY concentration value based on 
an amount of toner consumption (an amount of remain- 
ing toner), information regarding an amount of remain- 
ing toner stored in the printer controller 3 or the printer 
35 engine 2 is read, and a CMY concentration value is de- 
termined from the table of FIG. 23D according to the 
read value. In the example shown in FIG. 23D, when an 
amount of remaining toner is 1 00%, CMY concentration 
is set to 10%, when an amount of remaining toner is 
40 80%, CMY concentration is set to 11%, and when an 
amount of remaining toner is 10%, CMY concentration 
is set to 1 5%. 

[0054] When changing a CMY concentration value by 
each colorcomponent, each of the concentration values 
45 of CMY Is separately stored, as shown In the table of 
FIG. 23E. Accordingly, a CMY concentration value is de- 
termined by reading cr:ch of the conccnlratioj! values of 

^^»sAt xu._x>.i^i^ *u .-^.^1^ r,u^.-»r> ctr?- ooc 

Vvhen an amount of remaining tcnsr is 80%, a ccncen- 
50 tration of C is set to 1 2%, a concentration of M is set to 
11% and a concentration of Y is set to 10% so that an 
overall concentration of CMY is set to 11%. 
[0055] It should be noted that a oroqram for carrying 
out the method of adjusting concentiation of gray de- 
55 scribed in the above-mentioned first and second em- 
bodiments can be stored in a recording medium such 
as a floppy disk (FD) or a CD-ROM. The recording me- 
dium may be attached to the host computer 1 shown in 
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FIG. 1 , and the program may be read by the host com- 
puter 1 so that the above-mentioned method is carried 
out by the host computer 1 controlling the printer con- 
troller 3 through the host l/F. 

[0056] The present invention is not limited to the spe- 
cifically disclosed embodiment, and variations and mod- 
ifications may bo made without departing from the scope 
of thG present invention. 

[0057] The present invention is based on Japanese 
priority applications No. 2000-318299 filed on October 
18, 2000, No. 2001-085716 filed on IViarch 23 and No 
2001-071659 filed on March 14, 2C01, the entire con- 
tents of which are hereby incorporated by reference. 



Claims 

1 . An Image fonning apparatus comprising: 

concentration pattem data producing means 
for producing reference concentration pattern 
data and adjustment concentration pattern da- 
ta, the reference concentration pattem data 
representing a predetermined reference con- 
centration and the adjustment concentration 
pattern data representing a plurality of concen- 
trations within a predetemnined concentration 
range including the predetermined reference 
concentration; 

printing means for printing an adjustment sheet 
OdSGO on it*iG I wioi v>i iwC ^cti.t.«>< » • wicik^ sr*.c! ^J^c cid- 
justment concentration pattern data so that a 
reference pattern (D) and a plurality of test pat- 
tems (E) are printed on the adjustment sheet, 
the reference pattem Indicating the predeter- 
mined reference concentration and the test pat- 
tems indicating the concentrations indicated by 
the adjustment concentration pattern data; and 
concentration adjusting means for adjusting 
concentration data of image data to be printed 
in accordance with an adjustment concentra- 
tion value detected by comparing a concentra- 
tion of the reference pattern with concentra- 
tions of the test patterns printed on the adjust- 
ment sheet, 

charaaterized in thHt 

said concentration pattem data producing 
means produces the reference concentration 
npH'^m d«ta and the adjustment concentration 
pattem ?o thf»t one of a color of the refer- 
ence patiern and a coioi of the Ih'&X patidiViS is 
added to the other of the color cf the test pattern 
and the color of the test patterns. 

2. The image fonning apparatus as claimed in claim 
1 , characterized In that the color of the reference 



pattern is gray consisting of monochromatic black, 
and the color of the test patterns is gray consisting 
of a mixture of cyan, magenta and yellow, and 
wherein the concentration pattern data producing 

5 means produces the reference concentration pat- 
tern data and the adjustment concentration pattern 
data so as to add the color of the reference pattern 
to the color of tne test patterns so that the printing 
means prints the reference pattern (D) in graycon- 

10 sisting of monochromatic black and prints the test 
patterns (F) in gray v^hich is a mixture of cyan, ma- 
genta yellow and black. 

3. The image fonning apparatus as claimed in claim 
15 2, characterized in that said printing means prints 
the test patterns so as to be arranged within the ref- 
erence pattern so that each of the test pattems (F) 
Is surrounded by the reference pattem (D) and the 
concentrations of the test patterns (F) are gradually 
20 increased or decreased within the predetermined 
concentration range, thereby facilitating compari- 
son of the reference pattern (D) and each of the test 
patterns (F). 

25 4. The image forming apparatus as claimed in claim 
2, characterized In that said adjustment concen- 
tration pattern data producing means produces the 
reference pattern data with monochromatic black of 
which concentration Is previously adjusted. 

30 

5. Tho !r^2ce ^o"^''^c soo^i'^tus as claimed in claim 
1 , characterized in that the color of the reference 
pattern (G) is gray consisting of monochromatic 
black, and the color of the test patterns is gray con- 

35 sisting of a mixture of cyan, magenta and yellow (E), 
and wherein the concentration pattern data produc- 
ing means produces the reference concentration 
pattern data and the adjustment concentration pat- 
tern data so as to add the color of the test patterns 

40 (E) to the color of the reference pattern (G) so that 
the printing means prints the reference pattern (G) 
in gray consisting of monochromatic black and a 
mixture of cyan, magenta and yellow, and prints the 
test patterns (E) in gray consisting of cyan, magenta 

45 and yellow. 

G. ! he juiac^c fcrrr.inq appardlLJii =is clnl-rred r« claiT! 
5, Gharnctcrizcd :r. thst said priniinc; r!ied'>s 
the test patterns (E) so as to be anariyeci Vwitniri the 
50 reference pattern so that each of the test pattems 
(E) is surrounded by the reference pattern (G) and 
the concentrations of the test patterns (E) arc grad- 
ually ir»crcciccd cr decreased ivlth''*' ^^f* pfprfptpr- 
mined concentration range, thereby facilitating 
55 comparison of the reference pattem (G) and each 
of the test pattems (E). 

7. The image forming apparatus as claimed In claim 
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5, characterized in that said adjustment concen- 
tration pattern data producing means produces the 

reference concentration pattern data with mono- 
chromatic black of which concentration is previous- 
ly adjusted. ^ 

8. The Image fonning apparatus as claimed in claim 
5, characterized In that the image data is printed 
according to one of a plurality of resolutions, and 
said adjustment concentration pattern data produc- io 
ing means produces the reference concentration 
pattern data so as to match with a selected one of 
the resolutions by changing an amount of gray, 
which is a mixture of cyan, magenta and yellow, 
added to the monochromic black. is 

9. The Image forming apparatus as claimed in claim 
5, characterized In that the image data is printed 
by one of a plurality of print engines, and said ad- 
justment concentration pattem data producing so 
means produces the reference concentration pat- 
tem data so as to match with a selected one of the 
printer engines by changing an amount of gray, 
which is a mixture of cyan, magenta and yellow, 
added to the monochromic black. 

10. The image fonning apparatus as claimed in claim 
5, characterized in that a consumable parts coun- 
ter is provided for counting a service time of con- 
sumable parts, and said adjustment concentration 
'^1*^.2'^'^ d^t?. ?''oc'!.'c*'^c "^ea^s coduces the refer- 
ence concentration pattem data so as to match with 
a current condition of the image fonning apparatus 
by changing an amount of gray, which Is a mixture 

of cyan toner, magenta toner and yellow toner, add- 35 
ed to the monochromic black in accordance with a 
current count value of said consumable parts coun- 
ter. 

11. The image fomiing apparatus as claimed in claim 40 
5, characterized in that a remaining toner detector 

is provided for detecting an amount of remaining 
toner, and said adjustment concentration pattern 
data producing means produces the reference con- 
centration pattem data so as to match with a cun^ent 

out lUILIV^I I VJt II l\« II t IC4\^«^ ixyi II III 1^ C<|^^C*l C4«.u^ iK^ 

iny aPi arHu unt Gi gray, WmICm i3 tX rMixturc CI Cybin, 

• •■- • II . 

black in accordance witn a current amount of re- 
maining toner detected by remaining toner detector, so 

12. The image forming apparatus as claimed in claim 

'%vM«««-M»4-v'« r^ni^ n^Si *ntrv«Anf ^^r>r*^r>^r*^ 

I I , Ol It4l CAWLWI lit il li^k Wt^« wi C»«.<ij«i4w«< * t v. ik Wv t twwi t h* M 

tion pattern dat« producing means changes an 
amount of cyan, magenta and yellow on an individ- ss 
ual color basis. 

13. A method of adjusting a concentration of gray in a 



color image printed by an image forming apparatus, 
characterized by the steps of: 

preparing a reference pattern (D) and a plurality 
of test patterns (F) by said image forming ap- 
paratus, the reference pattern (D) indicating a 
reference concentration of gray and the test 
patterns (F) indicating concentrations of gray 
within a predetermined concentration range in- 
cluding the reference concentration, the gray of 
the test patterns (F) being a mixture of cyan, 
magenta, yellow and black, the gray of the ref- 
erence pattern (D) being monochromatic black; 
visually comparing the test patterns (F) with the 
reference pattern (D) so as to select one of the 
test panerns (F) of which concentration matcii- 
es the concentration of the reference pattern 
(D); and 

adjusting the concentration of gray in accord- 
ance with the concentration of the selected one 
of test patterns (F). 

14. A method of adjusting a concentration of gray in a 
color image printed by an image forming apparatus, 
characterized by the steps of: 

preparing a reference pattern (G) and a plurality 
of test patterns (E) by said image forming ap- 
paratus, the reference pattern (G) indicating a 
reference concentration of gray and the test 
patterns (E\ indicating concentrations of gray 
within a predetemrtined concentration range in- 
cluding the reference concentration, the gray of 
the test patterns (E) being a mixture of cyan, 
magenta and yellow, the gray of the reference 
pattern (G) being a mixture of cyan, magenta, 
yellow and black; 

visually comparing the test patterns (E) with the 
reference pattern (G) so as to select one of the 
test patterns (E) of which concentration match- 
es the concentration of the reference pattern 

(G) ; and 

adjusting the concentration of gray in accord- 
ance with the concentration of the selected one 
of test patterns (E). 

15. A ccrr:pLil^r {t^JciticiL'lt:^ insdilirp sto^*"*] ^ procr^^rn 

coco for CSLtsIng H COmpulcr to ciliji 'rsv r* ^-li'ivitsini ci." 

lion of gray in a color image pi inted by an image 
forming apparatus, characterized by: 

program code means for preparing a reference 
pattern ?.p.f* « p'nrpifn/ of tpst n?^ttorn?> by said 
image forming apparatus, the reference pattern 
indicating a reference concentration of gray 
and the test patterns indicating concentrations 
of gray within a predetermined concentration 
range including the reference concentration, 
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the gray of the test patterns being a mixture of 
cyan, magenta, yellow and black, the gray of 
the reference pattern being monochromatic 
black; 

program code means for causing a user to vis- 5 
ually compare the test pattems with the refer- 
ence pattern so as to select one of the test pat- 
terns of which concentration matches the con- 
centration of the reference pattern; and 
program code means for adjusting the concen- io 
tration of gray in accordance with the concen- 
tration of the selected one of test patterns. 

16. A computer readable medium storing a program 
code for causing a computer to adjust a concentra- is 
tion of gray in a color image printed by an image 
forming apparatus, characterized by: 

program code means for preparing a reference 
pattem and a plurality of test patterns by said 20 
image fonrjing apparatus, the reference pattern 
indicating a reference concentration of gray 
and the test patterns indicating concentrations 
of gray within a predetemnined concentration 
range Including the reference concentration, 25 
the gray of the test patterns being a mixture of 
cyan, magenta and yellow, the gray of the ref- 
erence pattem being a mixture of cyan, magen- 
ta, yellow and black; 

program code means for causing a user to vis- 30 
ually compare the test patterns with the refer- 
ence pattern so as to select one of the test pat- 
tems of which concentration matches the con- 
centration of the reference pattern; and 
program code means for adjusting the concen- 35 
tration of gray in accordance with the concen- 
tration of the selected one of test patterns. 
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